The aerial parts of Centaurea achaia afforded, in addition to several known sesquiterpene lactones and sesquiterpene hydroxyesters, a new germacranolide and a new elemanolide. Their structures were determined as the 8a-0-(4,5-dihydroxy-tigloyloxy) esters of salonitenolide and of 11,13-dihydromelitensin, respectively. The in vitro antifungal activity of most compounds was tested against nine fungal species using the micro-dilution method. All the tested compounds showed strong antifungal activity.
Introduction
The large genus Centaurea (Asteraceae -Cardueae) comprises about 500 species, which are predominately distributed around the Mediterra nean area and in W Asia (Mabberley, 1997) . Con tinuing our research on the chemical constituents of Centaurea sp. (Skaltsa et al., 1999; Cardona eta i, 1997), we have investigated C. achaia, a greek endemic taxon, belonging to the section Acrocentron (Cass.) D. C.
We now report the isolation of nine germacranolides (1-9), two elemanolides (10, 11), two eudesmanolides (13, 14) and the hydroxyester de rivatives 12 and 15. Compounds 7 and 11 are new naturally occurring sesquiterpene lactones and their structures were elucidated by extensive highfield NMR studies. Compounds 2 -4 , 7, 8, 1 0 -1 5 were tested against several micromycetes.
Results and Discussion
Chromatographic separation of the ethyl acetate extract of C. achaia (aerial parts) yielded salonitenolide (1) (Cardona et al., 1997) and its 8 a-acyl derivatives onopordopicrin (2) (Cardona et al., 1989) (Cardona et al., 1989) ; the eudesmanolides 13 (Rustaiyan et al., 1986) and 14 (Rustaiyan et al., 1986); 4-e/?/-carmanin (15) (Rustayian et al., 1986). All com pounds were isolated in sufficient amounts to al low structure elucidation ( Fig. 1) and most of them were tested against several micromycetes. We also report the 13 C NMR for compound 15.
Compound 7 was identified as an 8 a-acyl deriv ative of salonitenolide, since its 'H and 13C NMR spectra were similar to those of compounds 1 -6 . Its molecular formula (C20H26O 7 ) was deduced from its IR, 13C NMR, and EIM S spectral data. The IR spectrum afforded intense absorptions at 3600-3300 (OH), 1750 (C = 0, y-lactone) and 1720 cm-1 (C = 0, ester). The analysis of the 13C NMR and D E PT experiments (Table I) indicated that 7 contained twenty carbons: one CH3, seven CH2 (one exomethylene, three hydroxymethyl and three highfield methylenes), six CH (three sp2 methines, two carbinols and a saturated methine), as well as four olefinic quaternary carbons and two carbonyls (6 167.5, y-lactone; 6 172.5, ester). From those data a molecular formula C2oH26 0 7 was sug gested, which is in accordance with the peak at m/z 378 [M]+ in the mass spectrum. In its *H NMR spectrum (Table I) the broadened doublet at 6 4.97 (7 = 8.7 and 9.1H z) and the broadened doublet at b 4.81 (J = 9.5 Hz) were assigned to H -l and H-5, respectively. In the 13C NMR spectra the signals at b 131.1, 145.7, 130.1 and 133.0 were assigned to C -l, C-4, C-5 and C-10, respectively. The chemical shifts of the methyl group (5 , b 1.48 in the !H NMR, b 17.4 in the 13C NMR) were the usual values for a C-10 methyl group in germacranolides. From a pair of doublets at b 4.28 and 4.06 (J = 14.1 Hz) a hydroxymethyl group (at b 61.1 in the 13C NMR spectrum) as substituent at C-4 was evident. The presence of an oxygenated group at C-6a (6 78.9 in the 13C NMR) was inferred from the double doublet at 6 4.99 (/ = 7.9 and 9.1 Hz), which showed coupling with the signal of H-5 (6 4.81) and H-7 (6 3.06). From the two doublets for H-13 and H-13' at 6 6.25 (J = 2.9 Hz) and 5.76 (J = 2.5 Hz), which showed coupling with H-7, an a-methylene-y-lactone was also evident [1760 cm-1 in the IR spectrum; a methylene at 6 137.6 (C -ll) and 125.9 (C-13) in the 13C NMR]. An ester moi ety was located at C-8a (6 74.8) as was deduced from the position and pattern of the signal at d 5.14 (br dd, J = 8.3 and 9.1). The identity of the ester side chain was inferred from a two-proton singlet at 6 4.36, and a doublet at 6 4.46 (2H, J = 5.8 Hz), which was coupled to a triplet at 6 6.99 ( respectively. An a-methylene-y-lactone was evi dent for the two doublets for H-13 at 6 6.12 and 5.57 which showed coupling (7 = 2.9 Hz) with the triplet of triplets at 6 2.94 for H-7. A typical doublet at 6 2.56 (7= 11.6 Hz) for H-5, the signal at 6 4.23 (t, J -11.6 Hz) for H-6 and the lowfield double triplet at 6 5.26 corresponding to H-8 indi cated a fra^s-disposition of H-5/H-6, H-6/H-7 and H-7/H-8 and so the oxygenated functions at C-6 and C-8 should be a-oriented. From a pair of doublets at 6 4.05 and 3.98 a hydroxymethyl group as substituent at C-4 was also evident. The identity of the ester side chain was deduced from the chemical shifts of its protons, almost identical to those of compound 7. We have assigned to com pound 11 the structure of the new 8a-(4, 5-dihydroxytigloyloxy)-ll,13-dehydromelitensin.
C. achaia is characterised by the total absence of guaianolides, common metabolites of other Centaurea species (Fraga, 1992; 1993; 1994; 1995; 1996; 1997; 1998; 1999) .
When its chemical profile is compared to pre viously studied Centaurea sp. belonging to the same section, appears quite deviating, as their main con stituents are guaianolides: C. clementei (Gonzalez et al., 1986) ; C. nicolai (Vajs et al., 1999) , C. ornata (Navarro et al., 1990) ; C. ornata subsp ornata (Bastos et al., 1994) ; C. ragustina subsp. ragustina (M ahmoud et al., 1986) ; C. salonitana (Daniewski et al., 1992; Daniewski et al., 1993) .
Moreover, our results indicate that C. achaia comes close to many Onopordum species (Fraga; 1992; 1993; 1994; 1995; 1996; 1997; 1998; 1999) , whose main compounds are onopordopicrin and closely related sesquiterpene lactones.
Compound 7 and onopordopicrin (2) were found to be the principal constituents of the lac tone mixture, but both of them decompose rapidly.
All the tested compounds possess great antifun gal activity. From the observed results (Table II) , the lowest minimum inhibitory concentrations (nmol/ml), which inhibited the fungal growth, and the minimum fungicidal concentrations (nmol/ml), which killed the fungi, are for compounds 3 and 2, while compound 15 showed the greatest MICs and MFCs values, so, it possesses the lowest antifungal potential. MICs and MFCs for all tested com pounds except 15 are 0.1 -3 .0 and 0.75-6.0 nmol/ ml, respectively, while MICs and MFCs for mico nazole are 0.06-4.0 and 4.0-10.0 nmol/ml. indicat ing that most compounds investigated possessed greater antifungal potential as this commercial fungicide, which was used as a control (Table II) . Penicillium ochrochloron, P. funiculosum and Trichoderma viride were the most resistant fungal species. It can be seen (Table II) that germacranolides (2 -4 , 7, 8) possess greater antifungal poten tial than the other groups, elemanolides ( 10, 11) eudesmanolides (13, 14) and the hydroxyester de rivatives (12, 15).
The biological activity of sesquiterpene lactones is generally attributed to the alkylating property of the a-methylene-y-lactone moiety, and the pres ence of other alkylating sites (epoxides and conju gated carbonyl groups) may enhance their biologi cal activities. Moreover, their lipophilicity values seem to play an im portant role in antifungal activ ity (Inoue et al., 1995; Barrero et al., 2000) . Since the chemical composition of the fungal cell walls is highly lipophilic, they generally represent strong barriers for the penetration of hydrophobic com pounds, and the transport of polar compounds through the outer lipid layer of fungi is retarded. O ur results support the hypothesis of an inverse relationship between polarity and antifungal activ- 
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Extraction and isolation
The fresh plant material (2.0 kg) was finely ground and extracted at room temp, with cycloh ex a n e -E t20 -M e 0 H (1:1:1 v/v). The extract was washed with brine, the aq. layer re-extracted with EtOA c, and the organic layer dried with Na2S 0 4 and concd. under red. pressure. The residue 19.3 g was prefractionated by VLC on silica gel, using cy clo h exan e-E tO A c-M e2CO mixts. of increasing polarity as eluents to give several frs. Frs B (hex an e-E tO A c, 1:1 v/v), C (hexan e-E tO A c, 1:4 v/v), D (EtO A c) and E (E tO A c-aceton e, 4:1 v/v) were subjected to further chromatographic separations as described below.
CC of fr B (CH2Cl2-M eO H , 10:0 to 9:1 v/v) followed by HPLC (M e 0 H -H 20 , 3:2) allowed the isolation of 5 (3.9 mg). V LC of fr C (CH2C12-MeOH, 10:0 to 1:1 v/v) followed by HPLC ( M e 0 H -H 20 , 2:1 and 4:3 v/v) allowed the isola tion of 2 (9.6 mg) and 10 (1.0 mg). CC of fr D (CH2Cl2-M eO H , 10:0 to 8:2 v/v) followed by sev eral HPLC (M e 0 H -H 20 , 3:2, 4:3 and 1:1) al lowed the isolation of 1 (20.4 mg), a mixt, of 1 and 8 (ca. 12.1 mg, not separated), 8 (14.0 mg), 2 (103.1 mg), 3 (42.8 mg), 4 (4.5 mg), 6 (5.2 mg), 9 (1.1 mg), 10 (5.1 mg), 12 (17.2 mg), 13 (31.1 mg) and 14 (4.3 mg). V LC of fr E (CH2Cl2-M eO H , 10:0 to 7:3) followed by further CC and HPLC (M e 0 H -H 20 , 1:1 v/v) allowed the isolation of 2 (4.8 mg), 7 (177.3 mg), 10 (1.9 mg), 12 (11.3 mg), 14 (10.2 mg), 15 (11.5 mg), 11 (1.3 mg) and a mixt, of 7 and 11 (ca. 12.5 mg, not separated).
Chromatography
Vacuum liquid chromatography (V LC ): silica gel (Merck; 4 3 -6 3 |im), CC: silica gel (SD S; 4 0 -6 3 Hm), gradient elution with the solvents mixts indi cated in each case; HPLC: CE 1100 Liquid Chroma tography Pumb Techsil 10-C18 (250 x 10 mm).
Absorbents for TLC: Merck RP 18 F254s; Merck silica gel 60 F 254s; solvents for TLC: mixt, of CH2C12 with MeOH; mixt, of cyclohexane with EtOAc. Detection on TLC-plates: UV-light, spray reagent (anisaldehyde-H 2S 0 4 on silica gel). The micromycetes were maintained on malt agar (M A) and the cultures were stored at +4 °C and subcultured once a month (Booth, 1971) .
In order to investigate the antifungal activity of 11 compounds the modified microdilution tech nique was used (Hanel and Raether, 1988; Daouk et al.,1995) . The fungal spores were washed from the surface of agar plates with sterile 0.85% saline containing 0.1% Tween 80 (vol/vol). The spore suspension was adjusted with sterile saline to a concentration of approximately 1.0 x 105 in a final volume of 100 |il per well. The inocula were stored at +4 °C for further use. Dilutions of the inocula were cultured on solid MA to verify the absence of contamination and to check the validity of the inoculum.
Minimum inhibitory concentrations (M ICs) de termination was performed by a serial dilution technique using 96-well microtitre plates. Extracts of compounds investigated were dissolved in malt medium broth with fungal inoculum to achieve concentrations of 0.1 -1 2 .0 nmol/ml. The micro plates were incubated for 72 h at 28 °C. The lowest concentrations without visible growth (at the bin ocular microscope) was defined as concentrations which completely inhibited fungal growth (MICs). The minimum fungicidal concentrations (MFCs) was determined by serial subcultivation of a 2 ^il into microtitre plates containing 100 |il of broth per well and further incubation for 72 h at 28 °C. The lowest concentration with no visible growth was defined as the MFC, indicating = 99.5% killing rate of the original inoculum. Miconazole, a com mercial fungicide, was used as a control (0 .0 6 -10.0 nmol/ml).
